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SPECIFICATION 

1. INVENTION TITLE 

Composite Ceramic Sintered Body and Manufacturing Method 
Therefor 

2 . CLAIMS 

(1) A composite ceramic sintered body comprising a 
composite part which includes a ceramic component, a metal 
component, and a nitride component formed from the metal 
component, and a fine dense surface part which includes said 
ceramic component and said nitride component and which is 
integrated with said composite part; said metal component plugs 
pores in said composite part and the metal component content 
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decreases gradually from the center section of said composite 
part toward said surface part. 

(2) A method of manufacturing a composite ceramic sintered 
body comprising a composite part which includes a ceramic 
component, a metal component, and a nitride component formed from 
the metal component, and a fine dense surface part which includes 
said ceramic component and said nitride component and which is 
integrated with said composite part; said metal component plugs 
pores in said composite part and the metal component content 
decreases gradually from the center section of said composite 
part toward said surface part; comprising the steps of 
sequentially: 

mixing a ceramic powder, a sintering aid powder, and at 
least one type of metal oxide powder which prevents aggregation 
of said metal component and which is selected from among Ce0 2 
powder, La 2 0 3 powder, Zr0 2 powder, Cr 2 Q 3 powder, and Ti0 2 powder 
and obtaining an initial powder which forms said ceramic 
component, 

using said initial powder to obtain a compact, 

carrying out a presintering treatment on said compact at a 
temperature lower than said ceramic powder's sintering 
temperature to obtain a porous presintered body, 

permeating said presintered body with a molten metal 
compound to precipitate said metal component at said ceramic 
powder's sintering temperature, and 

sintering said presintered body at said ceramic powder's 
sintering temperature in a nitrogen gas atmosphere and 
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precipitating said metal component and nitriding part of the 
metal component to form said nitride component. 

3. DETAILED EXPLANATION OF THE INVENTION 
A. OBJECT OF THE INVENTION 

(1) INDUSTRIAL FIELD OF APPLICATION 

The present invention pertains to a composite ceramic 
sintered body and manufacturing method therefor. 

(2) PRIOR ART 

Various types of ceramic sintered bodies have been proposed; 
the sintered bodies of these usually consist of an initial powder 
which is a ceramic powder and a sintering aid powder. 

(3) PROBLEMS THE INVENTION IS TO SOLVE 

However, the aforesaid conventional ceramic sintered bodies 
have the problems of relatively low density and low mechanical 
strength with regard to bending strength, brittle toughness, etc. 

The present invention considered these, and its object is to 
provide the aforesaid composite ceramic sintered body having 
relatively high density and high mechanical strength, and to 
provide a manufacturing method therefor. 
B . CONSTITUTION OF THE INVENTION 
(1) MEANS FOR SOLVING THE PROBLEMS 

A composite ceramic sintered body in accordance with the 
present invention is characterized as comprising a composite part 
which includes a ceramic component, a metal component, and a 
nitride component formed from the metal component, and a fine 
dense surface part which includes the aforesaid ceramic component 
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and the aforesaid nitride component and which is integrated with 
the aforesaid composite part; the aforesaid metal component plugs 
pores in the aforesaid composite part and the metal component 
content decreases gradually from the center section of the 
aforesaid composite part toward the aforesaid surface part. 

A method of manufacturing a composite ceramic sintered body 
in accordance with the present invention is a method of 
manufacturing a composite ceramic sintered body comprising a 
composite part which includes a ceramic component , a metal 
component, and a nitride component formed from the metal 
component, and a fine dense surface part which includes the 
aforesaid ceramic component and the aforesaid nitride component 
and which is integrated with the aforesaid composite part; the 
aforesaid metal component plugs pores in the aforesaid composite 
part and the metal component content decreases gradually from the 
center section of the aforesaid composite part toward the 
aforesaid surface part; the manufacturing method is characterized 
as comprising the steps of sequentially: 

mixing a ceramic powder, a sintering aid powder, and at 
least one type of metal oxide powder which prevents aggregation 
of the aforesaid metal component and which is selected from among 
Ce0 2 powder, La 2 0 3 powder, Zr0 2 powder, Cr 2 0 3 powder, and Ti0 2 
powder and obtaining an initial powder which forms the aforesaid 
ceramic component , 

using the aforesaid initial powder to obtain a compact, 

carrying out a presintering treatment on the aforesaid 

i 

compact at a temperature lower than the aforesaid ceramic 
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powder's sintering temperature to obtain a porous presintered 
body, 

permeating the aforesaid presintered body with a molten 
metal compound to precipitate the aforesaid metal component at 
the aforesaid ceramic powder's sintering temperature, and 

sintering the aforesaid presintered body at the aforesaid 
ceramic powder's sintering temperature in a nitrogen gas 
atmosphere and precipitating the aforesaid metal component and 
nitriding part of the metal component to form the aforesaid 
nitride component. 
(2) OPERATION 

In the aforesaid composite ceramic sintered body the pores 
in the composite part are plugged by the metal component and the 
nitride component, and the surface part is fine and dense, so the 
density of the composite ceramic sintered body is relatively high 
and its mechanical strength increases. 

And since the surface part is a ceramic material, this 
prevents oxidation of the metal component included in the 
composite part, and avoids deterioration of the strength of the 
composite ceramic sintered body. 

Additionally, if the amount of the metal component contained 
is reduced as described previously, it is possible to avoid the 
defects of local increases in the thermal expansion coefficient 
and rapid changes in the heat conduction rate, which both 
supports high temperature fracture strength and makes it possible 
to improve thermal shock resistance and repeated thermal fatigue 
characteristics . 



JP 3-54143, Page 5 



In the aforesaid manufacturing method the sintering 
treatment process directly sinters the ceramic powder to itself, 
ceramic powder and metal oxide powder to each other, and metal 
oxide powder to itself, or sinters them indirectly via the 
sintering aid powder, and a ceramic component is formed. 

The metal oxide powder precipitates a small amount of metal 
component at the aforesaid sintering temperature, so the metal 
oxide's composition ratio does not agree with the stoichiometric 
composition, but even so it is maintained as a metal oxide. On 
the other hand, the metal component precipitates from the 
aforesaid metal compound, and this metal component combines with 
the aforesaid small amount of metal component and prevents 
aggregation and plugs pores. 

Additionally, the nitrogen gas partial pressure at the outer 
surface of the composite ceramic sintered body is high, which 
makes some of the metal component precipitated from the aforesaid 
metal compound undergo nitriding and form a nitride component. 

This forms a fine and dense surface part which includes a 
ceramic component and a nitride component. 

The nitrogen gas partial pressure becomes gradually lower 
toward the interior of the composite ceramic sintered body as 
sintering progresses, so the aforesaid nitriding effect 
diminishes, and as a result of this the metal component content 
gradually increases from near the boundary with the surface part 
toward the interior. 

This forms a composite part which includes a ceramic 
component/ metal component, and nitride component, and the metal 
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component content in this composite part gradually decreases from 
the center section of the composite part toward the surface part 
integrated with this composite part. 
(3) EMBODIMENTS 

FIG* 1 shows one embodiment of a composite ceramic sintered 
body 1 in accordance with the present invention. This composite 
ceramic sintered body 1 consists of composite part 2, which 
includes a metal component and a nitride component formed from 
that metal component, and a fine dense surface part 3 which 
includes the aforesaid ceramic component and the aforesaid 
nitride component, and which is integrally formed with composite 
part 2, and which covers all of composite part 2. The metal 
component plugs pores in composite part 2, and the metal 
component content gradually decreases from the center section of 
composite part 2 toward surface part 3 . 

In the aforesaid ceramic sintered body 1 the pores in 
composite part 2 are plugged by the metal component and the 
nitride component, and composite part 2 is covered by fine dense 
surface part 3, so the density of composite ceramic sintered body 
1 is relatively high and its mechanical strength increases. 

Also, surface part 3 is a ceramic material, so this prevents 
oxidation of the metal component included in composite part 2 and 
avoids deterioration of the strength of composite ceramic 
sintered body 1. 

Additionally, if the amount of the metal component contained 
is reduced as described previously, it is possible to avoid the 
defects of local increases in the thermal expansion coefficient 
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and rapid changes in the heat conduction rate in composite 
ceramic sintered body 1, which both supports high temperature 
fracture strength and makes it possible to improve thermal shock 
resistance and repeated thermal fatigue characteristics. 

The ceramic component is formed using an initial powder 
which is a mixture of a ceramic powder, a sintering aid powder, 
and a metal oxide powder. 

The ceramic powder is the main prerequisite of the ceramic 
component. Various types of ceramic powders can be used alone or 
in combinations, including oxide powders such as A1 2 0 3 , Si0 2 , 
Zr0 2 , etc.; nitride powders such as Si 3 N 4 , TiN, ZrN, BN, etc.; 
and carbide powders such as Sic, Tic, MoC, etc. 

Sintering aid powders have the function of improving the 
sintering properties of ceramic. Various types of sintering aid 
powders can be used alone or in combinations, including Al 2 0 3 , 
Y 2 0 3 , MgO, Si0 2 , etc. 

Metal oxide powders have the function of preventing 
aggregation of the aforesaid metal component. At least one type 
of powder selected from among Ce0 2 , La 2 0 3 , 2r0 2 , Cr 2 0 3 , and Ti0 2 
are used. 

Normal molding methods are used when molding the compact. 
For example, injection molding, extrusion molding, pressure 
molding, slip casting, etc. are used. 

A presintering treatment is applied to the aforesaid ceramic 
powder at a temperature lower than the sintering temperature, 
resulting in a porous presintered body. The presintering 
conditions are an inert gas atmosphere and a heating temperature 



JP 3-54143, Page 8 



Of 800 to 1,200°C. 

The presintered body is permeated with a molten metal 
compound to precipitate the metal component at the ceramic 
powder's sintering temperature. 

This sort of metal compound is one whose standard free 
energy of formation for oxides AG is -200 Kcal/mol or higher. 
Metal compounds corresponding to this include tetraisopropyl 
titanate ( (CH 3 ) 2 CH) Ti0 4 ) , nickel nitrate (Ni(N0 3 ) 2 ) , copper 
nitrate (Cu(NQ 3 ) 2 ), cobalt nitrate (Co(N0 3 ) 2 ), magnesium acetate 
(Mn(CH 3 COO) 2 ) , etc. These can be used alone or in combinations. 

In the aforesaid metal compound, metal salts such as nickel 
nitrate are used in a saturated molten state. When the density 
of the metal compound is low when molten, metal is not 
precipitated in the subsequent sintering process, and as a result 
this causes metal compound residues, and composite ceramic 
sintered body 1 becomes brittle and its strength decreases. 

The application of ultrasonic waves to the aforesaid molten 
material when the presintered body is submerged causes the 
permeation efficiency to improve. 

The sintering treatment process is carried out in a nitrogen 
gas atmosphere at the ceramic powder's sintering temperature, 
i.e. 1,500 to 2,100°C. 

This sintering treatment process directly sinters the 
ceramic powder to itself, ceramic powder and metal oxide powder 
to each other, and metal oxide powder to itself, or sinters them 
indirectly via the sintering aid powder, and forms a ceramic 
component . 
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The metal oxide powder precipitates a small amount of metal 
component at the aforesaid sintering temperature, so the metal 
oxide's composition ratio does not agree with the stoichiometric 
composition, but even so it is maintained as a metal oxide. On 
the other hand, the metal component precipitates from the 
aforesaid metal compound, and this metal component combines with 
the aforesaid small amount of metal component and prevents 
aggregation and plugs pores. 

Additionally, the nitrogen gas partial pressure at the outer 
surface of composite ceramic sintered body 1 is high, which makes 
some of the metal component precipitated from the aforesaid metal 
compound undergo nitriding and form a nitride component. Also, 
some of the metal oxide is nitrided and forms a nitride 
component . 

This forms a fine and dense surface part 3 which includes a 
ceramic component and a nitride component. 

The nitrogen gas partial pressure becomes gradually lower 
toward the interior of composite ceramic sintered body 1 as 
sintering progresses, so the aforesaid nitriding effect 
diminishes, and as a result of this the metal component content 
gradually increases from near the boundary with surface part 3 
toward the interior . 

This forms composite part 2 which includes a. ceramic 
component, metal component, and nitride component, and the metal 
component content in this composite part 2 gradually decreases 
from the center section of composite part 2 toward surface part 
3, which is integrated with and covers composite part 2 . 
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An example of the composition ratio of the initial powder is 
as follows. 

Ceramic powder 50-99.7 wt% 

Sintering aid powder 0.3-25 wt% 

Metal oxide powder 0.3-25 wt% 

The reason for using this sort of composition ratio is that 
it effectively carries out the present invention and upholds 
ceramic 's intrinsic high temperature characteristics, corrosion 
resistance, wear resistance, sliding characteristics, etc. in the 
composite ceramic sintered body. 
EMBODIMENT I 

Si 3 N 4 powder with average diameter 0.9 /xm and a rate 90% or 
higher was used as the ceramic powder. 

Y 2 0 3 powder with average diameter 0.7 jum, A1 2 0 3 powder with 
average diameter 0.4 jum, and MgO powder with average diameter 0.8 
lira were used as the sintering aid powder. 

Additionally, Zr0 2 powder with average diameter 0.2 /zm, 
La 2 0 3 powder with average diameter 1.0 /im, and Ce0 2 powder with 
average diameter 1.2 /xm were used as the metal oxide powder. 

The composition ratio of the initial powder made from these 
powders was as shown in Table 1. 



Table 1 



Initial Powder { 


wt%) 


Ceramic 
Powder 


Sintering Aid Powder 


Metal Oxide Powder 




Y ? 0 3 


$h°Z 


MgO 


ZrO, 


La 7 o^ 


CeO ? 


86. 7 


4 


3 


0.5 


5 


0.5 


0.3 
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Each powder was fully wet-mixed in a ball mill, resulting in 
an initial powder forming the ceramic component. 

Using the aforesaid initial powder, a quadrilateral plate- 
shaped compact 60 mm high, 60 mm wide, and 10 mm thick was formed 
by slip casting. 

After the compact dried it underwent a presintering 
treatment for two hours at a temperature of 1,200°C with nitrogen 
gas flowing at the rate of 3 0 ml/minute. This produced a porous 
presintered body. 

The presintered body was immersed in pure water, and 
bombarded with ultrasonic waves at 8 MHz for five minutes. This 
cleaned the presintered body, after which the presintered body 
was dried. 

The presintered body was immersed with tetraisopropyl 
titanate (liquid), and while in this tetraisopropyl titanate was 
bombarded with 0.6 MHz ultrasonic waves for five minutes, after 
which it was allowed to sit for 3 0 minutes. This caused the 
tetraisopropyl titanate to permeate the presintered body. 

The presintered body underwent a drying treatment of 48 
hours at 40 °C, 2 4 hours at 70 °C, 6 hours at 12 0 °C, 6 hours at 
210°C, 6 hours at 360°C, and 10 hours at 485°C, in sequence. 

After drying, the presintered body was sintered for two 
hours at a temperature of 1,750°C at less than 10 atmospheres 
pressure in an atmosphere of nitrogen gas, resulting in a 
composite ceramic sintered body. 

After sintering, the temperature inside the furnace was 
lowered from 1,700°C to 1,400°C at the rate of 300°C/2 minutes, 
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and the composite ceramic sintered body was heat-treated at 
1,400°C for one hour, and then cooled. 

When the composite ceramic sintered body was cut and the 
state of the sectional surface was examined, the following sort 
of results were obtained. 

The thickness of the surface part was about 0.5 mm, and 
consisted of a black outside and a yellow inside. It was 
concluded that this surface part contained TiN. Furthermore, a 
small amount of Tie was also present. 

The composite part was gray or dark gray/green. 

When the sectional surface was examined with an optical 
microscope after polishing the surface, it was found that the 
center section of the composite part contained very few pores 
with diameter 0-5 jLtm or less, and other pores were plugged by a 
shiny metal component. This metal component was primarily Ti, 
with some intermetallic compounds such as Al-Ti , Zr-Ce, Y-Ti, 
etc. 

On the other hand, there were no pores or metal component at 
the surface part, which was fine and dense. It was also found 
that the aforesaid metal component content decreased from the 
center part of the composite part toward the surface part. 

FIG . 2 shows Rockwell hardness (load 150 kg) of the 
composite ceramic sintered body. Zero on the x axis corresponds 
to the center part in the thickness direction of the composite 
ceramic sintered body. FIG. 2 shows that hardness is low at the 
center section of the composite part because it contains a great 
deal of metal component, but hardness increases toward the 
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surface part because the metal component content gradually 
decreases. Furthermore, the difference in hardness at one end of 
the thickness direction vs. the other end is because the side 
with low hardness was facing downward and so nitrogen gas 
circulation was difficult, and the extent of nitriding was low. 

This composite ceramic sintered body had a high density of 
3.42 g/cm 3 . A bending test was performed using this sintered 
body, with fulcrum distance 3 0 mm and crosshead speed 0.5 m/min, 
conforming to. JIS R1601. The compact was found to have superior 
bending strength of 1,3 60 MPa. 

Additionally, a height 8 mm, width 8 mm, length 50 mm 
specimen was prepared, and its fracture toughness value was 
measured using the chevron notch method. The overall fracture 
toughness value (K IC ) was found to be 13.6 MPam 1 / 2 , a high value. 
On the other hand, the fracture toughness value (K IC ) at the 
center section of the composite part was 14.4 MPam 1 / 2 , and for 
the surface part it was 13.2 MPam 1 / 2 . 
EMBODIMENT II 

Si 3 N 4 powder with average diameter 0.9 jtxm and a rate 90% or 
higher was used as the ceramic powder. 

Y 2°3 powder with average diameter 0.7 jim, A1 2 0 3 powder with 
average diameter 0.4 pm, and MgO powder with average diameter 0.8 
jum were used as the sintering aid powder. 

Additionally, Zr0 2 powder with average diameter 0.2 fj.m y 
La 2 0 3 powder with average diameter 1.0 /xm, Ce0 2 powder with 
average diameter 1.2 /im, Cr 2 0 3 powder with average diameter 0.6 
jum, and Ti0 2 powder with average diameter 0.1 were used as the 
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metal oxide powder. 

The composition ratios of the initial powders made from 
these powders were as shown in Table 2. 



Table 2 



Sample 
Compo- 
sition 


Initial Powder (wt%) 


Ceramic 
Powder 


Sintering Aid 
Powder 


Metal Oxide Powder 


Si^N, 




Al-,0^ 


MgO 


ZrO, 


La 0 0^ 


CeO ? 


Cr ? 0^ 


TiO ? 


1 


87.7 


3 


3 


0.3 


4 


0.5 


0.5 




1 


2 


83.0 


4 


2 


0.5 


2 


0.5 


1.0 




7 


3 


89.0 


4 


4 


1 




0.5 


0.5 


1 




4 


85.0 


4 


3 


1 


0.5 


0.5 


1.0 


5 





Sample compositions 1-4 were fully wet-mixed in a ball mill, 
resulting in initial powders for forming the ceramic component. 

Using the aforesaid initial powders, a plurality of 
quadrilateral rod-shaped compacts 20 mm high, 25 mm wide, and 135 
mm long were formed by slip casting. 

After each compact dried it underwent a presintering 
treatment for two hours at a temperature of 1,200°C with nitrogen 
gas flowing at the rate of 30 ml/minute. This produced a porous 
pres inter ed body. 

Each presintered body was immersed in pure water containing 
10% alcohol and 5% acetone, and bombarded with ultrasonic waves 
at 5 kHz for five minutes. This cleaned the presintered body, 
after which the presintered body was dried. 

Specimens corresponding to sample compositions 1-4 were 
selected from the presintered bodies after drying, and these 
presintered bodies were immersed in molten material containing 
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30% Ni(N0 3 ) 2 and 15% Cu(N0 3 ) 2 , and were bombarded with 50 kHz 
ultrasonic waves for 10 minutes in this molten material, after 
which they were allowed to sit for 30 minutes. This caused the 
aforesaid molten material to permeate the presintered bodies. 

Each presintered body which had not been permeated with the 
aforesaid molten material and each presintered body which had 
been permeated with the aforesaid molten material underwent a 
drying treatment of 24 hours at 70°C, 12 hours at . 110°C, 6 hours 
at 210°C, 6 hours at 360°C, and 12 hours at 485°C, in sequence. 

After drying, each presintered body was pressed and sintered 
for two hours at a temperature of 1,750°C at 250 atmospheres 
pressure in a mixed gas atmosphere consisting of 70% nitrogen gas 
and 30% argon gas, resulting in a plurality of composite ceramic 
sintered bodies and ordinary ceramic sintered bodies. 

After sintering, the temperature inside the furnace was 
lowered and each composite ceramic sintered body etc. underwent a 
primary heat treatment for one hour at 1,400°C and a secondary 
heat treatment for 30 minutes at 1,200°C, and then cooled. 

The state of the sectional surface of each composite ceramic 
sintered body was about the same as in Embodiment I. However, 
the metal component was a solid solution with small amounts of Ti 
and Cr in a Ni-Cu alloy, and the nitride component was TiN, CrN, 
CrN 2 , ZrN, and Si 3 N 4 . 

Table 3 shows various physical properties for each composite 
ceramic sintered body and each ceramic sintered body. 
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Table 3 



Sintered 
Body 


Density 
(g/crn 3 ) 


Average 
Diameter 
of Largest 
Pore 
({um) 


Bending 

Strength 

(MPa) 


Fracture 
Toughness 
Value (K IC , 
MPam 1/2 ) 


Metal 
Component 
Area Ratio 
(%) 


1-A 


3.39 


1 


1190 


8.4 


<0.3 


1-B 


3.45 


0.2 


1250 


12.3 


7-8 


2 -A 


3.34 


5 


980 


9.6 


Si 


2-B 


3.40 


0.3 


1160 


13.2 


12-15 


3 -A 


3.35 


1 


1210 


9.2 


<0.1 


3-B 


3.42 


0.1 


1420 


14.3 


4-5 


4-A 


3.46 


1.8 


840 


10.8 


<1 


4-B 


3.50 


0.4 


1090 


13.1 


7-9 



In the table, sintered bodies 1-4 correspond to sample 
compositions 1-4, and A is a ceramic sintered body which was not 
immersed in the aforesaid molten material, while B is a composite 
ceramic sintered body which was immersed in the aforesaid molten 
material . 

Metal component area ratio was calculated based on taking 
magnified photos of a section of each sintered body and analyzing 
those magnified photos. 

As is clear from Table 3, composite ceramic sintered bodies 
1-B through 4-B had superior physical properties compared to 
ordinary ceramic sintered bodies 1-A through 4-A. 

With regard to oxidation properties of the metal component, 
when a composite ceramic sintered body is used at a temperature 
of 1,000°C or lower there is basically no problem, even if the 
metal component area ratio is high at about 10%. 

Furthermore, by using the aforesaid procedure it is possible 
to raise the metal component area ratio to a maximum of about 
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30%. 

FIG. 3(a) and (b) show the position for measuring metal 
component area ratio in composite ceramic sintered body 2-B and 
changes in its area ratio . 

As shown in FIG. 3(a), the position for measuring area ratio 
was on centerline O-O in the length direction of composite 
ceramic sintered body 2-B. It was measured at 14 locations, 
starting at point "a" which was 5 mm from one end, and thereafter 
at points b~n at 10 mm intervals. 

From FIG. 3(b) it can be concluded that composite ceramic 
sintered body 2-B had the highest metal component content in its 
central region, and that metal component content decreased 
gradually from the central region toward both ends. 
C. EFFECT OF THE INVENTION 

The invention cited in claim 1 provides a composite ceramic 
sintered body with relative high density and superior mechanical 
strength . 

The invention cited in claim 2 reliablely and easily 
produces the aforesaid composite ceramic sintered body. 

4. BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is an oblique sectional view of the main parts to 
show the concept of a composite ceramic sintered body. FIG. 2 is 
a graph showing the Rockwell hardness of a composite ceramic 
sintered body. FIG. 3(a) is a drawing explaining the points for 
measuring metal component area ratio in a composite ceramic 
sintered body, and FIG. 3(b) is a graph showing changes in metal 
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component area ratio in a composite ceramic sintered body, 

1 Composite ceramic sintered body 

2 Composite part 

3 Surface part 

Applicant: Honda Engineering, Inc. 

Agents: Takeshi Ochiai, Patent Agent, and Ichiaki Niki, Patent 
Agent 

FIG. 1 
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